Abstract. The fl oat system is an effi cient method of seedling production. This system requires use of cultural practices to prevent excessive stem elongation of tomato (Lycopersicon esculentum Mill.) seedlings. It is not known how these practices affect fi eld growth and subsequent fruit yield and quality. Experiments were conducted in 2001 and 2002 to determine if restricting P supply, delaying fertilizer application, brushing, clipping, and ethephon application affect fi eld performance of transplants. Transplants subjected to these cultural treatments in the fl oat system were compared to transplants conventionally grown in the greenhouse. In 2001, there was little difference in fi eld performance among transplants produced under the range of cultural conditions. Although differences in total fruit numbers or yields were nonsignifi cant in 2002, conventionally grown transplants produced higher early yields. Seedlings grown with low P fertilizer and receiving delayed fertilization or delayed fertilization plus brushing performed best of all fl oat treatments in 2002. Ethephon application severely reduced early yield while increasing late-season yield. Production of tomato seedlings with low P in fl oat systems is feasible, at least on a small scale for transplanting locally, when delayed fertilization or delayed fertilization plus brushing treatments are used to control seedling height.
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Production of tomato (Lycopersicon esculentum Mill.) seedlings is labor intensive. Float system technology (Rideout et al., 1994) , which is used extensively for production of tobacco seedlings, is less labor-intensive than manual overhead irrigation systems.
Potential advantages of the fl oat system over conventional overhead irrigation include lower production cost, more effi cient use of water and nutrients, reduced disease pressure (dry plant foliage), and elimination of nutrient leaching to groundwater below the greenhouse. Briefl y, this system involves constructing shallow wooden frames on the fl oor of the greenhouse. The frames are lined with polyethylene sheeting and fi lled with nutrient solution formulated with water-soluble, horticultural-grade fertilizers. A solution depth of 10 cm is typical. Seeds are sown on peat-and does not affect fi eld performance of tobacco Gooden, 1998, 2000) . Low N rate is used along with low P in the fl oat system. Low N fertilization of tomato transplants has been reported to reduce fi rst harvest yield of fresh market tomato (Vavrina et al., 1998) . In a review of 10 published studies, Dufault (1998) concluded that fi eld response of tomato to transplant nutrition is inconsistent.
Also of interest is whether cultural practices imposed with the low P fertilization affect fi eld growth and yield. It has also been reported that transplant nutrition, hardening, and handling did not affect yield of processing tomato (Hartz et al., 2002) . Although brushing did not decrease yield of processing tomato (Garner and Bjorkman, 1999) , the authors express concern that yield of earlier-fl owering fresh-market cultivars could be reduced by brushing. Long-term brushing did reduce yield of some but not all varieties studied (Johjima et al., 1992) .
Clipping and ethephon have been used to control size of fi eld-grown transplants without reducing yield or fruit size (Campbell, 1976) . Ethephon application to fi eld-grown transplants increased early yield of large transplants (Liptay et al., 1981) , but Pisarczyk and Splittstoesser (1979) report that ethephon concentrations of 1000 or 2000 mg·L -1 did not effect the yield of greenhouse-grown transplants. However, results from a preliminary greenhouse pot study (J.W. Rideout, unpublished data) suggested that pretransplant clipping may delay fruit set. Ethephon treatment of tobacco seedlings in the pretransplant stage of growth has been reported to suppress post-transplant fi eld growth (Kasperbauer and Hamilton, 1978) .
While fl oat-grown tomato seedlings produced higher early yields than conventional transplants, overall yields were not affected (Wyatt, 1998) . Wyatt (1998) used water soluble 20N-8.8P-16.6K fertilizer, which provided much higher P rates than 15N-2.2P-12.5K or 15N-0.87P-16.6K fertilizers used by Rideout and Overstreet (2003) . Given the potential benefi ts in control of stem height by lower P fertilization, along with other cultural practices, it seems prudent to test the fi eld performance of these seedlings.
This study was conducted to determine if production of tomato transplants in the fl oat system using the cultural systems proposed by Rideout and Overstreet (2003) has detrimental effects on fi eld performance. Specifi cally, the objectives of this study were to determine the effects of low P fertilization and height-restricting cultural practices in the fl oat system on: 1) post-transplant plant growth; 2) fruit yield; and 3) fruit size.
Materials and Methods
Seedling production. Eight batches of tomato seedlings ('Mountain Freshʼ) were grown in a polyethylene-covered greenhouse using different cultural practices (Table 1) at the Mountain Horticultural Crops Research Station near Fletcher, N.C. Wooden frames were constructed and lined with black polyethylene vermiculite-based soilless media in polystyrene fl ats, fl oating on this nutrient solution. All irrigation is by capillary movement of nutrient solution up into the media. The nutrient level of the soilless media is generally low enough that the majority of the nutrients needed for seedling growth are provided by the nutrient solution.
Tomato transplants can be grown successfully in the fl oat system (Rideout and Overstreet, 2003; Wyatt, 1998) . Excessive stem elongation, a potential problem both in fl oat and conventional culture, can be controlled by using a fertilizer with a low P content along with cultural practices such as delayed fertilizer application, brushing, clipping, or a single ethephon application (Rideout and Overstreet, 2003) . However, it has not been determined what, if any, effect these practices have on posttransplant fi eld growth of tomato plants.
Low P fertilization in a fl oat system reduces the P concentration of the transplant tissues (Rideout and Overstreet, 2003) . Nutrient solution P concentrations below 2 mg·L -1 in greenhouse production reduced root growth and early tomato yield in fi eld production (Liptay et al., 1992) . Low P fertility in the greenhouse tomato reduced maturity and early yields of tomato in fi eld production (Melton and Dufault, 1991) . However, manipulation of P nutrition, within certain limits, of pepper transplants in the greenhouse does not affect fi eld performance (Bar-Tal et al., 1990; Dufault and Schultheis, 1994; Nicola and Basoccu, 1994) . Reduction in seedling tissue P levels by low P fertility in the fl oat system HORTSCIENCE 39(1): 23-27. 2004. sheeting (0.15 mm) to form the fl oat tanks. Seedlings were grown in 128-cell (cell size 3.6 × 3.6 cm) polystyrene Todd fl ats (Speedling, Sun City, Fla.). Flats were fi lled with a noncommercial soilless 1 peat : 1 vermiculite mixture. Dolomitic lime (5.5 kg·m -3 ) was the only nutrient source added to the soilless mix. Flats were seeded with 'Mountain Freshʼ tomato. One seed was placed in each cell and covered with ≈1 mm fi nely ground peat. Flats were fl oated on the nutrient solutions immediately after seeding. All water and nutrients were supplied via capillary movement upward through the media.
Conventionally irrigated, greenhousegrown transplants served as a control. These were watered as needed, and fertilized weekly with water soluble 20N-8.8P-16.6K fertilizer solution (300 mg·L -1 N) starting at a height of ≈10 cm. Height-restricting cultural practices were not used on the control transplants. Due to their slower growth, conventional transplants were seeded 1 week earlier than the fl oat-grown transplants. The conventional transplants were grown in the same research greenhouse as the fl oat transplants.
With the exception of the delayed fertilization treatments, water-soluble fertilizer was added to fl oat solution immediately before fl ats were seeded. The two P rates used were 1.5 mg·L -1 (from 15N-0.87P-16.6K) and 3.6 mg·L -1 (from 15N-2.2P-12.5K). In all treatments, the initial nitrogen rate was 25 mg·L -1 . Potassium rates varied due to the differing K content of the two fertilizers and were not adjusted. Previous research has determined that K rate does not usually affect transplant growth (Dufault, 1998) . One additional application of fertilizer at the initial rate was made halfway through the experiment for all fl oat treatments. In the case of the delayed fertilization treatments, fl ats fl oated on plain water until fertilizer was added on day 10 after seeding.
Transplant brushing was accomplished by bending the plants fi ve times to a 45° angle with a wooden dowel daily starting on day 10 after seeding. The ethephon (300 mg·L -1 solution) treatment was applied as a foliar spray (suffi cient spray to uniformly wet foliage) on day 13 after seeding. For the clipping treatment, transplants were clipped once on day 16 after seeding by a raised lawn mower fi tted with a high-vacuum blade to remove leaf tissue from the upper leaves without damaging the apical meristem.
Transplants were grown ≈3 weeks from seeding. Shoots of 10 representative seedlings per treatment were harvested immediately prior to transplanting. Stem height was measured from the stem base to the apical meristem (Table  1) . A more complete description of the effects of these treatments on seedling growth and nutrient composition was reported by Rideout and Overstreet (2003) . Data analysis. Data from both years combined were subjected initially to analysis of variance (ANOVA). It was determined that signifi cant (P ≤ 0.05) interactions between years and treatments existed for all height measurements. In addition, treatments interacted with harvests for fruit number and yield in 2002. Height data then were analyzed separately for each year. Fruit yield and number were analyzed separately for each harvest. Mean separation was performed using a protected least signifi cant difference test (P ≤ 0.05).
In each year, gross value of fruit harvested was calculated for each treatment. Weekly average wholesale F.O.B. prices for Western North Carolina were obtained from the marketing division of the North Carolina Dept. of Agriculture and Consumer Services. The yield for each harvest was multiplied by the average price for that week to calculate the value of each harvest. The sum of the values of the six harvests were then subjected to ANOVA.
Results and Discussion
Plant height. In 2001, after 28 d in the fi eld, plants from conventionally produced transplants were signifi cantly shorter on day 28 than plants from all fl oat treatments except ethephon-treated seedlings (Table 2) . On day 40, all plants except those from the ethephon and delayed fertilization/brushing treatments were taller than plants grown from conventional transplants ( Table 2 ). In contrast, the plants grown from conventional transplants were the tallest in 2002 on both day 28 and day 40 (Table 2) . Plants in the conventional treatment were signifi cantly taller than plants in the high P control, low P control, clipping, ethephon, and delayed fertilization treatments on day 28 and plants in the high P control, low P control, clipping, and ethephon treatments on day 40. Ethephon-treated transplants resulted in plants signifi cantly shorter than any other treatments on both day 28 and 40. In 2001, the initial Table 3 . Effect of greenhouse cultural practices on number of tomato fruit for each harvest in the 2001 fi eld experiment. Marketable fruit is the sum of fruit in US combination and US #3 grades. The total column represents the season total fruit production. Means followed by the same letter are not signifi cantly different (protected LSD) at the 5% level of probability. Comparisons should only be made within a grade of fruit. Total  Treatment  1  2  3  4  5  6 no. height of conventional transplants was 3.8 cm shorter than the shortest fl oat transplants (Table  1) , which may have affected the relative fi eld growth of conventionally and fl oat produced transplants. In 2002, however, the initial height of the conventional transplants was similar to fl oat plants that had height restricted by clipping, ethephon, or delayed fertilization plus brushing (Table 1) . The increased height responsiveness of conventional transplants in fi eld culture suggests that the high P control, low P control, clipping, ethephon treatments also affect post-transplant growth. In both years, ethephon had long-lasting effects on plant height. This effect was especially pronounced in 2002, with a height reduction of 13.7 cm on day 40 compared to the low P treated transplants. In 2001, ethephon treated transplants produced signifi cantly shorter plants than the low P treated transplants on day 28 but not on day 40. This agrees with the fi ndings of Kasperbauer and Hamilton in tobacco (1978) .
Harvest
------------------------------------number/plant -----------------------------------
US combination (US #1 and US #2)
Conventional 0.7 b 1.4 a 4.4 a 5.3 a 2.4 a 1.0-------------------------------------t·ha -1 -------------------------------------
The height of plants from the low P and high P pretransplant treatments was similar in all instances (Table 2) . Reducing P rate from 3.6 to 1.5 mg·L -1 did not affect post-transplant growth.
Some reduction in post-transplant plant height may be desirable. Workers noted that some of the taller plants, in particular those in the high P control treatment in 2001, were more diffi cult to tie. While an analysis of the labor required to tie plants in each treatment was not made, it stands to reason that taller plants are more diffi cult to tie and could increase labor costs. Also, tall, spindly plants could fall over after transplant and perhaps suffer injury from contact with hot black plastic mulch.
Fruit number and yield. Float-grown transplants, regardless of fertilization or height control treatment, produced numbers and grades of fruit at least as high as conventionally grown transplants in 2001 (Table 3 ). In addition, total weight of fruit from fl oat-produced transplants was equal to that of conventionally produced transplants (Table 4) . Numbers and total weight of US combination grade fruit were higher for the high P control than any other treatment for the fi rst harvest, however, there was no difference in total economic returns (Table 7) . There were some small but statistically signifi cant differences in number of US combination and total marketable fruit for harvest six (Table 3) . Treatments did not affect the number or total weight of US #3 grade fruit (data not shown). There also was no effect of treatments on the number or total weight of cull fruit (data not shown).
Response to treatments was very different in 2002. As in 2001, treatments did not affect the number or total weight of cull fruit (data not shown). Although season-total fruit number (Table 5) and yield (Table 6) were not affected by treatments, there were signifi cant differences in fruit number and total weight for every harvest. Plants from conventionally grown transplants produced signifi cantly higher fruit number (Table 5) and yield (Table 6 ) than those from all fl oat treatments in the fi rst harvest in 2002. For harvest two and three, yield of fl oat-produced transplants, with the exception of the clipped transplants for harvest two and ethephon treated transplants for harvests two and three, was similar to that of conventionally grown transplants. Yield of conventionally produced transplants declined to levels below plants from all fl oat treatments (except delayed fertilization plus brushing and delayed fertilization in harvest fi ve and low P control in harvest six) in harvests fi ve and six (Table 6 ).
The similarity in 2001 of yields and fruit numbers among seedling treatments within harvests indicate an equivalent maturation. In 2002, harvests were delayed for plants from fl oat culture. With the conventional seedling treatment in 2002, 92% of the yield resulted from the fi rst four harvests. In contrast, 83% of yield from fl oat-produced seedlings treated with delayed fertilization plus brushing and 42% of yield from fl oat-produced seedlings treated with ethephon was obtained in the fi rst four harvests. With fresh market tomatoes, prices are usually greater early in the season (Davis and Estes, 1993) . Factors that delay harvest potentially reduce economic returns. The ideal situation is to have large yields of high-quality fruit in the fi rst few harvests.
Plants from fl oat-grown seedlings produced with high P fertility had highest yields for harvest one in 2001 (Table 4) . Yields from the high P and low P seedlings were not different in harvests two through six in 2001 (Table 4) and all 2002 harvests (Table 6 ). In addition, the total yield was not different among transplants produced in fl oat culture with low and high P fertility and produced conventionally. Conventionally produced transplants received far more P during pretransplant growth than the fl oat-grown transplants. The lack of yield response to P fertilization of transplants indicates that low P fertilization levels of tomato in the fl oat system was not detrimental to total fi eld fruit yield or economic returns under the conditions of this study. This is in contrast to the fi ndings of Liptay et al. (1992) and Melton and Dufault (1991) , which were based on conventional irrigation and fertilization. However, the lack of damage to fi eld performance by low P in the fl oat system observed here is consistent with observations with fl oat-grown tobacco seedlings Gooden, 1998, 2000) . It is possible that, by elimination of nutrient leaching from the fl ats, the fl oat system has a nutrient use effi ciency that is greater than that of conventional systems, thus lowering the required rate of pretransplant P for subsequent unimpaired fi eld growth.
There were no signifi cant differences in fruit number and yield between transplants that received the delayed fertilization and delayed fertilization plus brushing treatments in 2001 (Tables 3 and 4) or 2002 (Tables 5 and 6 ). Addition of brushing to the delayed fertilization practice had no effect in the fi eld, but it did improve height control during transplant production (Rideout and Overstreet, 2003) . Both treatments slightly delayed maturity with respect to the conventionally grown transplants.
The combination of brushing with low P fertilizer is also effective for control of transplant height (Rideout and Overstreet, 2003) . Transplants treated by brushing or low P produced similar fruit numbers and yields similar on all harvests in 2001 (Tables 3 and 4) and  2002 (Tables 5 and 6 ). This suggests that even though fl oat production resulted in maturity delays in 2002, the delays were not worsened by brushing, and additional height control was obtained. Combining delayed fertilization with brushing increased harvest two yields in 2002 as compared to brushing alone (Table 6) .
Clipping has been reported to provide height control similar to brushing in the fl oat system (Rideout and Overstreet, 2003) . However, in 2002, clipping delayed maturity more than brushing, as evidenced by lower yield in harvest one. Given the diffi culty in properly clipping plants without damage to the apical meristem, and the availability of other effective height control practices, clip- Table 5 . Effect of greenhouse cultural practices on number of tomato fruit for each harvest in the 2002 fi eld experiment. Marketable fruit is the sum of fruit in US combination and US #3 grades. The total column represents the season total fruit production. Means followed by the same letter are not signifi cantly different (protected LSD) at the 5% level of probability. Comparisons should only be made within a grade of fruit. Table 6 . Effect of greenhouse cultural practices on yield of tomato fruit for each harvest in the 2002 fi eld experiment. Marketable fruit is the sum of fruit in US combination and US #3 grades. The total column represents the season total fruit production. Means followed by the same letter are not signifi cantly different (protected LSD) at the 5% level of probability. Comparisons should only be made within a grade of fruit. ping tomatoes in the fl oat system should not be a recommended practice.
US Combination Fruit (US#1 and US #2)
Although not signifi cantly different from other treatments, total yields for transplants treated with ethephon were lowest in 2001 (Table 4) and 2002 (Table 6 ). Fruit number and yield in each of the fi rst three harvests was signifi cantly lower than for conventionally grown transplants in 2002 (Tables 5 and 6 ). Maturity was severely delayed by ethephon treatment in 2002, with only 18% of the fruit harvested in the fi rst three harvests, compared to 69% for conventionally grown. Ethephon application in conventional transplant production did not harm or even improved fi eld performance of tomato transplants (Campbell, 1976; Liptay et al., 1981; Pisarczyk and Splittstoesser, 1979) . Apparently, fl oat-grown transplants respond differently to ethephon application than conventionally grown transplants.
Transplant treatment in the greenhouse did not affect gross monetary returns in either year (Table 7) . Float grown transplants produced gross monetary return equal to conventionally grown transplants. Although not statistically signifi cant, ethephon-treated fl oat transplants had the lowest returns in both years. During the two years of this study, early fruit prices were only slightly higher than later prices, and prices increased late in the season. This late season increase offset the loss of early season yield for the ethephon treatments (data not shown).
If previously reported price patterns occur (earlier fruit sells for much higher prices) (Davis and Estes, 1993) , ethephon application has the potential to reduce economic returns, and therefore can not be recommended for tomato seedlings grown in the fl oat system. There were differences in the results the two years of the study, with much more effect of treatments observed in 2002. There was a delay in beginning the experiment in 2001, and the transplanting date was later than normal for western North Carolina. It is possible that the environmental conditions imposed by late transplanting may have masked fi eld response to greenhouse treatments.
Conclusions
Previous results (Rideout and Overstreet, 2003) show that use of height-limiting cultural practices such as low P fertilizer, delayed fertilization, and brushing improves the quality of tomato transplants grown in the fl oat system. This study shows that use of delayed fertilization or delayed fertilization with brushing along with low P fertilizer results in little damage to overall fi eld performance. There was a slight maturity delay with these treatments in one year of the study, but the delay was minimal and overall yields were identical to plants grown from conventionally produced transplants.
Use of clipping and ethephon to control the height of tomato transplants in the fl oat system is not recommended. Severe harvest delays can occur with ethephon treatment. With clipping it is too easy to damage the apical meristem of the plant. Not having these practices available is of little consequence, since low P fertilizer, brushing, and delayed fertilization not only work as well in the greenhouse (Rideout and Overstreet, 2003) , but are also easier to manage and have less potential to damage fi eld performance. With these practices, the fl oat system can be used in place of the more labor-intensive conventional overhead irrigation system with little damage to fi eld performance.
